Protein kinase C isoform delta is involved in the stimulation of the Na(+)-H+ exchanger in C6 glioma cells.
Protein kinase C (PKC), the major receptor for tumor-promoting phorbol esters, is a family consisting of at least 12 distinct isoforms. In C6 glioma cells, short term (10 min) treatment with 12-O-tetradecanoyl phorbol-13-acetate (TPA) results in a dose-dependent translocation of PKC alpha, PKC delta and PKC theta. Long term (24 hr) treatment with appropriate doses of TPA results in the complete down-regulation of PKC delta but not of PKC alpha PKC theta. This property was used to determine which isoform might be involved in the activation of the glial cell Na(+)-H+ exchanger. It was found that (a) TPA has dose-dependent effects on PKC alpha, PKC delta, and PKC theta translocation and on Na(+)-dependent, EIPA-sensitive Na(+)-H+ exchanger stimulation; (b) the antiporter is blocked both by staurosporine and in cells in which PKC alpha, PKC delta, and PKC theta have been completely down-regulated; (c) the inactive form (alpha-TPA) of TPA, which does not include translocation of the three isoforms (alpha, delta, and theta) has no effect on the antiporter; (d) Western blot analysis demonstrated dose-dependent TPA (10, 30, 100, and 1000 nM)-induced translocation of PKC alpha, PKC delta, and PKC theta. TPA (10, 30, 100, and 1000 nM)-induced Na(+)-H+ exchanger activation was also found to be dose dependent. There was no difference in TPA-induced Na(+)-H+ exchanger activation between 30 and 100 nM; it correlated with the extent of TPA-induced PKC delta translocation over the same concentration range, suggesting that isoform responsible for the exchanger activation is PKC delta; (e) When 1 microM TPA is added after prior treatment of the cells with 10 nM TPA, an additive effect on Na(+)-H+ exchanger is seen that is not observed when the initial stimulus in 30 nM TPA, as would be expected if the PKC delta isoform were responsible for exchanger activation; (f) Finally, when PKC delta, but not PKC alpha and PKC theta, is completely down-regulated by 24-hr pretreatment with 10, 30, or 100 nM TPA, the Na(+)-H+ exchanger can no longer be stimulated by 1 microM TPA; when 1 nM TPA pretreatment is used, no down-regulation occurs and the exchanger still responds to 1 microM TPA. We have shown that the Na(+)-H+ exchanger in C6 glioma cells can be stimulated by TPA-induced PKC activation and, for the first time, that PKC delta is involved in the activation of this antiporter. Our results also suggest that different members of the PKC family within a single cell elicit specific physiological responses.